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sleeves, and demister filters. Such complex arrangements are expensive and time- 
consuming to manufacture, maintain, and repair. 

[0007] Therefore, what is needed is a flash tank having a relatively simple internal 
configuration and arrangement of components that can provide excellent refrigerant 
expansion and phase separation. 

SUMMARY OF THE INVENTION 

[0008] A flash tank is provided for use in an economizer circuit, the flash tank 
including a housing having a substantially cylindrical shape with substantially straight 
sidewalls. The housing includes an upper shell section, a middle shell section, and a 
lower shell section, each section having a substantially cylindrical sidewall, each 
sidewall forming at least one opening for connection to an opening in another section. 
Each shell section includes an opening having a substantially circular horizontal 
cross-sectional geometry. The upper shell section includes a refrigeration inlet 
located in the sidewall, and a substantially cylindrical baffle having a sidewall 
disposed substantially parallel to the sidewall of the upper section. The baffle 
sidewall is disposed opposite the refrigeration inlet for receiving and directing the 
flow of high-pressure refrigerant introduced into the housing through the refrigeration 
inlet. The upper shell section further includes a gas outlet located in the closed end 
portion and disposed opposite the opening of the upper section. The middle shell 
section includes a second baffle located on the interior side of the sidewall, and 
further incuse a liquid level control apparatus mounted through the sidewall. The 
lower shell section includes a liquid refrigerant outlet located in the sidewall for 
conveying liquid refrigerant from the housing to another component in a refrigeration 
system. 

[0009] A method is provided for separating liquid refrigerant from refrigerant gas 
in an economizer refrigeration system. The method includes the steps of: providing a 
refrigeration system equipped with an economizer circuit, the economizer circuit 
including a flash tank having a housing with a refrigerant inlet, a refrigerant gas 
outlet, a liquid refrigerant outlet, a cylindrical baffle, and a second baffle; collecting 
liquid refrigerant in a condenser of the refrigeration system; passing the liquid 
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refrigerant from the condenser to a liquid refrigerant line of the economizer circuit, 
the refrigerant line having an expansion device therein and communicably connected 
to the refrigerant inlet of a flash tank; receiving expanding refrigerant from the liquid 
line into the refrigerant inlet; directing the flow of received refrigerant against the 
cylindrical baffle of the flash tank, the cylindrical baffle located substantially opposite 
the refrigerant inlet; separating the gas phase of the liquid refrigerant from the liquid 
phase of the refrigerant; and preventing re-entrainment of refrigerant gas by providing 
a second baffle located on the sidewall of the housing at a point above a preselected 
maximum liquid level. 

[0010] One advantage of the present invention is improved operation and 
performance of a compression refrigeration system. 

[0011] Another advantage of the present invention is that it has a simple 
construction that can operate reliably and efficiently in a refrigeration system, and yet 
is inexpensive and simple to construct and install in a compression refrigeration 
system having an economizer circuit. 

[0012] Still another advantage of the present invention is that it provides efficient 
expansion of the high-pressure refrigerant moving between the condenser and the 
evaporator of a compression refrigeration system. 

[0013] Other features and advantages of the present invention will be apparent 
from the following more detailed description of the preferred embodiment, taken in 
conjunction with the accompanying drawings which illustrate, by way of example, the 
principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a system diagram illustrating the components of a refrigeration 
circuit in accordance with the present invention. 

[0015] FIG. 2 is a vertical side cross-sectional view of a flash tank economizer in 
accordance with the present invention. 
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[0016] FIG. 3 is a vertical side cross-sectional view of an upper shell section of a 
flash tank economizer in accordance with the present invention. 

[0017] FIG. 4 is a horizontal top cross-sectional view of the upper shell section of 
FIG. 3 taken along section line 4-4. 

[0018] FIG. 5 is a vertical side cross-sectional view of a middle shell section of a 
flash tank economizer in accordance with the present invention. 

[0019] FIG. 6 is a horizontal top cross-sectional view of the middle shell section 
of FIG. 5 taken along section line 6-6. 

[0020] FIG. 7 is a top view of a lower baffle in accordance with the present 
invention. 

[0021] FIG. 8 is a vertical side cross-sectional view of a lower shell section in 
accordance with the present invention. 

[0022] FIG. 9 is a horizontal top cross-sectional view of the lower shell section of 
FIG. 8 taken along section line 9-9. 

[0023] FIG. 10 is a cross-sectional view of one connection type for two adjacent 
shell sections in accordance with the present invention 

[0024] FIG. 1 1 is a cross-sectional view of another connection type for adjacent 
shell sections in accordance with the present invention 

[0025] Wherever possible, the same reference numbers will be used throughout 
the drawings to refer to the same or like parts. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] The subject matter of the invention under consideration is directed to a 
system and process for improving the efficiency and capacity of a refrigeration 
system employing an economizer. The system and process can be used with any type 
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of compressor, but is particularly suited for use with screw compressors, since screw 
compressors can easily incorporate economizers. 

[0027] Referring initially to FIG. 1, there is shown a conventional refrigeration 
system 100 incorporating an economizer circuit in accordance with the present 
invention. As shown, refrigeration system 100 includes a compressor 102, a motor 
104, a condenser 106, an evaporator 108, and an economizer flash tank 110. The 
conventional refrigeration system 100 includes many other features that are not shown 
in FIG. 1. These features have been purposely omitted to simplify the drawing for 
ease of illustration. 

[0028] Compressor 102 compresses a refrigerant vapor and delivers the vapor to 
the condenser 106 through a discharge line. The compressor 102 is preferably a 
screw compressor or other multiple-stage compressor. Although a screw compressor 
is ideally suited for use in the present compact refrigeration system, the invention is 
not restricted to a single type of compressor and other types of compressors, such as 
centrifugal compressors, may be similarly employed in the practice of the subject 
invention. To drive the compressor 102, the system 100 includes a motor or drive 
mechanism 104 for compressor 102. While the term "motor" is used with respect to 
the drive mechanism for the compressor 102, it is to be understood that the term 
"motor" is not limited to a motor but is intended to encompass any component that 
can be used in conjunction with the driving of motor 104, such as a variable speed 
drive and a motor starter. The motor 104 can be an induction motor or a high-speed 
synchronous permanent magnet motor. Alternative drive mechanisms such as steam 
or gas turbines or engines and associated components can also be used to drive the 
compressor 102. In a preferred embodiment of the present invention, the motor 104 is 
an electric motor and associated components. 

[0029] The refrigerant vapor delivered by the compressor 102 to the condenser 
106 through the discharge line enters into a heat exchange relationship with a fluid, 
e.g., air or water, and undergoes a phase change to a refrigerant liquid as a result of 
the heat exchange relationship with the fluid. In one embodiment, a portion of the 
condensed refrigerant liquid is diverted to an economizer circuit. In an alternative 
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embodiment, the economizer circuit forms the sole connection between the condenser 
and the evaporator, and all condensed refrigerant is diverted through the economizer 
circuit. In either embodiment, the economizer circuit includes a refrigerant line that 
draws refrigerant from the condenser and conveys it to an expansion device 112 
connected to a flash tank 110. The condensed liquid refrigerant passes through the 
expansion device 112 and into the flash tank 110 where a portion of the refrigerant 
expands and is converted to intermediate pressure gas, the remaining refrigerant 
staying in liquid state or phase at intermediate pressure. The intermediate pressure 
gas is drawn through a gas outlet 28 to an intermediate stage of the compressor 102. 
The intermediate pressure liquid is returned from the flash tank 1 10 to the main line 

107 connecting the condenser 106 to an expansion valve 1 12 leading to the evaporator 
108. In one embodiment, the refrigerant vapor in the condenser 106 enters into the 
heat exchange relationship with fluid flowing through a heat-exchanger coil (not 
shown). In any event, the refrigerant vapor in the condenser 106 undergoes a phase 
change to a refrigerant liquid as a result of the heat exchange relationship with the 
fluid. 

[0030] The evaporator 108 can be of any known type. For example, the 
evaporator 108 may include a heat-exchanger coil (not shown) having a supply line 
and a return line connected to a cooling load. The heat-exchanger coil can include a 
plurality of tube bundles within the evaporator 108. A secondary liquid, which is 
preferably water, but can be any other suitable secondary liquid, e.g., ethylene, 
calcium chloride brine or sodium chloride brine, travels in the heat-exchanger coil 
into the evaporator 108 via a return line and exits the evaporator via a supply line. 
The refrigerant liquid in the evaporator 108 enters into a heat exchange relationship 
with the secondary liquid in the heat-exchanger coil to chill the temperature of the 
secondary liquid in the heat-exchanger coil. The refrigerant liquid in the evaporator 

108 undergoes a phase change to a refrigerant vapor as a result of the heat exchange 
relationship with the secondary liquid in the heat-exchanger coil. The low-pressure 
gas refrigerant in the evaporator 108 exits the evaporator 108 and returns to the 
compressor 102 by a suction pipe 1 14 to complete the cycle. 
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[0031] While the system 100 has been described in terms of preferred 
embodiments for the compressor 102, motor 104, condenser 106, and evaporator 108, 
it is to be understood that any suitable configuration of those components can be used 
in the system 100, provided that the appropriate phase change of the refrigerant in the 
condenser 106 and evaporator 108 is obtained. 

[0032] In the embodiment of FIG. 1, the economizer circuit of the present 
invention is comprised of a flash tank 110 communicably connected to the high- 
pressure refrigerant line 107 between the condenser 106 and the expansion device 
112. The flash tank 1 10 of the present invention preferably has a generally cylindrical 
shape, and is dimensioned so as to provide adequate internal volume for expansion of 
refrigerant to a desired pressure, separation of the resulting refrigerant gas and 
refrigerant liquid phases, and temporary storage of the refrigerant phases before 
conveying the liquid phase to the main refrigerant line 107, and conveying the gas 
phase to the compressor 102. The desired dimensions, such as height, width, and 
internal volume of the tank depend upon factors such as refrigerant type, compressor 
displacement, desired system capacity, capacity of refrigerant lines and other 
refrigeration system components, and other factors known to those skilled in the art. 

[0033] FIG. 2 illustrates one embodiment of the flash tank 110 of the present 
invention. In this embodiment, the flash tank 1 10 of the present invention includes a 
housing comprised of three shell sections, an upper shell section 20 and a lower shell 
section 30 that are connected by a middle shell section 40 to form a generally 
cylindrical housing. Each section 20, 30, 40 is preferably formed by a metal drawing 
operation from low carbon sheet steel of a substantially uniform thickness, preferably 
from about 0.375 to about 0.500 in. However, it is to be understood that the sections 
20, 30, 40 can be formed by any suitable process and can have any suitable thickness. 

[0034] As shown in FIGS. 2-3, the upper shell section 20 preferably has a dome 
or bowl shaped closed end portion 27, and a substantially linear sidewall 24. In an 
alternative embodiment, the upper shell section 20 is substantially uniform-diameter 
cylinder having a substantially flat, plate-like closed end portion 27. Similarly, as 
shown in FIGS 2 and 8, the lower shell section 30 preferably has an essentially dome 
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or bowl shape closed end portion 36, and a substantially linear sidewall 34. The 
substantially linear sidewalls 24, 34 of the upper shell section 20 and lower shell 
section 30 each terminate in an opening 22, 32 suitable for hermetic connection to the 
middle shell section 40. The substantially cylindrical sidewalls 24, 34 of each section 
20, 30 extend from the corresponding opening 22, 32, to the corresponding end 
portion 27, 36 disposed opposite the corresponding opening 22, 32. Preferably, the 
largest outer diameter of each sidewall 24, 34 is between about 10 to about 18 inches. 
More preferably, the outer diameter of each sidewall 24, 34 is between 12 and 16 
inches. Most preferably, the diameter of each sidewall 24, 34 is between 13 and 15 
inches. 

[0035] As shown in FIGS. 2, 5, and 6, the middle shell section 40 has a 
substantially cylindrical shape formed by substantially cylindrical sidewall 42. The 
sidewall 42 terminates to form two opposed openings, an upper opening 44 and a 
lower opening 46. Preferably, the largest outer diameter of the sidewall 42 matches 
the largest outer diameter of the sidewalls 24, 34 and is between about 10 to about 18 
inches. More preferably, the outer diameter of the sidewall 42 is between 12 and 16 
inches. Most preferably, the outer diameter of the sidewall 42 is between 13 and 15 
inches. 

[0036] The upper opening 44 of the middle shell section is adapted to securely 
engage the opening 22 of the upper section 20, and the lower opening 46 is adapted 
for securely engaging the opening 32 of the lower section 30. In a preferred 
embodiment, each opening 22, 32 is adapted to nest or fit within the corresponding 
opening 44, 46 of the middle shell section 40. More preferably, the shell sections 20, 
30, 40 are permanently and hermetically connected, such as by welding, to form the 
housing, although other suitable connection techniques can be used. 

[0037] As shown in FIGS. 3-6 and 8-9, the openings 22, 32, 44, 46 of each shell 
section 20, 30, 40 generally have a circular horizontal cross-sectional geometry, and 
are preferably compatible with the geometry of the openings of adjacent shell 
sections. For purposes of this application, circular, oval, and ovaloid shapes are all 
considered to be "generally circular." As previously described, the sidewalls 24, 34, 



-9- 



No.: 20712-0107 



42 of each shell section 20, 30, 40 are preferably substantially straight or linear in an 
axial direction. The term "substantially straight" in this context permits a slight 
outward or inward bow on a substantially uniform radius should such a bow be 
desired at all. The origin of a slight outward bow may be located at any peripheral 
position around the sidewall of the shell section, such that the radius is used to define 
the curvature, if any, of the sidewall. The length of the radius can be "substantially 
uniform" which means that the radius length for different small segments of a 
sidewall section can be changed for some specific purpose such as spatial 
requirements, without thereby deviating from the concept of giving a slight bow to the 
sidewall. In another embodiment, the sidewall 24, 34, 42 of each shell section 20, 30, 
40 may also be "stepped" inwardly or outwardly one or more times from the opening 
toward the opposite end thereof, i.e., progressively or by steps of decreased or 
increased diameters. For example, FIG. 10 illustrates the steps as x, y and z. This 
"stepped" shell wall concept is common for permitting the tank 1 10 to be fitted within 
limited space areas of a refrigeration system. Alternatively, as shown in FIG. 1 1, the 
shells may be joined, such as by welding, to form a smooth continuous sidewall 
construction of the assembled tank 1 10. 

[0038] As shown in FIGS. 2-3, the upper shell section 20 further includes features 
that facilitate and enhance the performance of the economizer circuit. In particular, 
the end portion 27 of the upper shell section 20 includes a gas outlet 28 for conveying 
refrigerant gas to the compressor 102. Preferably, the gas outlet 28 is located at the 
horizontal and vertical cross-sectional geometric center of the end portion 27, whether 
the upper shell section 20 shell is configured as a dome, or alternatively as a 
substantially uniform-diameter cylinder having a substantially flat, plate-like closed 
end portion 27. More preferably, the end portion 27 is domed such that the cross- 
sectional geometric center of the end portion 27 forms the peak of the dome. Most 
preferably, the end portion 27 is domed such that the cross-sectional geometric center 
of the end portion 27 forms the peak of the dome, and the gas outlet 28 is provided as 
a circular aperture at the cross-sectional geometric center of the end portion 27 so that 
refrigerant gas rising from the tank 110 will enter the gas outlet 28 with minimal 
travel along the interior surface of the end portion 27. The gas outlet 28 may be 
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provided as a simple uniform aperture through the wall of the end portion 27, or may 
include a decreasing diameter or stepped side cross-sectional profile, similar to the 
stepped wall configuration shown in FIG. 10. Such configurations are appropriate for 
conveying refrigerant gas to a compressor return line communicably connected to the 
gas outlet 28. Alternatively, the gas outlet 28 is provided as a substantially cylindrical 
pipe that preferably protrudes at least approximately 0.500 inches, and more 
preferably about .700 inches, into the tank 110 through the end portion 27. 
Additionally, the gas outlet 28 may include means for controlling gas flow through 
the outlet 28, such as a suction valve. 

[0039] As further shown in FIGS. 2-3, the upper shell section 20 further includes 
a refrigerant inlet 26 for receiving refrigerant from the condenser 106, or from an 
expansion device 1 12 in the liquid line leading from the condenser 106 to the inlet 26. 
The refrigerant inlet 26 is located in the sidewall 24, preferably in the substantially 
linear vertical portion of the sidewall 24. Preferably, the inlet 26 is provided as an 
aperture in the sidewall 24, the aperture having a longitudinal axis that is substantially 
perpendicular to the substantially linear vertical sidewall 24. Preferably, the aperture 
is substantially circular or substantially cylindrical and is oriented so as to direct the 
stream of expanding refrigerant perpendicularly into a sidewall of a cylindrical baffle 
50. Preferably, the longitudinal axis of the gas inlet 26 is substantially perpendicular 
to the longitudinal axis of the gas outlet 28. 

[0040] An expansion device 1 12 is provided upstream of the inlet 200, whether 
installed in the liquid refrigerant line from the condensor 106 or immediately adjacent 
the gas inlet 26. Preferably, the expansion device 1 12 is an electronically controlled 
expansion valve whose port opening is regulated by a mechanical means such as an 
actuator or motor. The size of the expansion device 112 opening is controlled in 
response to a signal from a control that receives data from a number of different 
points in the system. The data is processed by a controller to determine the optimum 
setting of the expansion valve 112 and other valves in the refrigeration system to 
respond to existing operating conditions. The expansion valve 112 serves to rapidly 
expand the high-pressure liquid refrigerant to a lower intermediate pressure, 
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preferably to approximately halfway between the condenser pressure and the 
evaporator pressure. 

[0041] As shown in FIGS. 2-4 and discussed briefly above, the flash tank 110 
further includes a cylindrical baffle 50 that is disposed within the upper section 20 
substantially concentric to the sidewall 24. The baffle 50 can also be partially 
disposed in the middle section 40. Preferably, the baffle 50 is substantially cylindrical 
in shape, and is comprised of a substantially cylindrical sidewall 52. As shown in 
FIG. 4, the diameter of the horizontal cross sectional geometry of the tank 110 is 
defined by diameter A-A, while the diameter of the horizontal cross sectional 
geometry of the baffle 50 is defined by diameter B-B. The comparative ratio of the 
respective diameters along these axes is the ratio of the dimensions W A and W B . The 
ratio W A /W B is preferably from about 1.2 to about 1.6. In the preferred embodiment, 
the sidewall shape of the tank 110 and baffle 50 substantially correspond, i.e. are 
substantially concentric, such that the sidewall 52 of the baffle 50 remains 
approximately equidistant from the sidewall 24 of the upper shell section 20 around 
the entire circumference of the baffle 50 along the axial length of the baffle 50. 

[0042] The sidewall 52 of the baffle 50 terminates to form two opposed openings, 
an upper opening 54 and a lower opening 56. The upper opening 54 is preferably 
adapted to securely engage the interior surface of the end portion 26 of the upper shell 
section 20. The sidewall 52 is non-perforated, and has its upper end sealed against 
interior surface of the end portion 27 of the upper shell section 20 so that all gas must 
travel up through the lower opening 56 of the baffle 50 to reach the gas outlet 28. For 
example, the sidewall 52 adjacent the upper opening 54 can be welded, such as by a 
skip-weld to the interior surface of the end portion 27. This prevents any liquid 
refrigerant entering the inlet 26 from reaching the gas outlet 28. 

[0043] The lower opening 56 of the baffle 50 is adapted to receive refrigerant, gas 
and remains substantially unencumbered by other tank 110 components. Preferably, 
the axial length of the sidewall 52 along axis C-C is greater than the length of the 
substantially linear sidewall 24, so that the lower opening 56 of the upper baffle 50 
extends into the cavity formed by the middle shell section 40 of the assembled tank 
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10. Preferably, the axial length of the sidewall 52 is less than or equal to the largest 
horizontal cross sectional inner diameter of the substantially cylindrical upper baffle 
50. More preferably, the axial length of the sidewall 52 axis is at least 20% but less 
than 100% of the largest horizontal cross sectional inner diameter of the substantially 
cylindrical baffle 50. 

[0044] As shown in FIGS. 2, 5 and 6, the tank 110 further includes a second 
baffle 60 that works in conjunction with the cylindrical baffle 50 to promote 
expansion of the refrigerant liquid into a gas, efficient separation of the refrigerant gas 
and liquid, and reliable conveying of the refrigerant gas and the refrigerant liquid to 
their appropriate intended destinations within the refrigeration system. As refrigerant 
enters the tank 110 through the gas inlet 26, the refrigerant strikes the cylindrical 
baffle 50 and falls towards the bottom or lower section 30 of the tank 1 10. The liquid 
phase gathers in the bottom portion 30 of the tank to form a level of refrigerant liquid 
at an intermediate pressure that can be conveyed to the evaporator 108 through a 
liquid refrigerant outlet 38. However, as the refrigerant liquid falls from the gas inlet 
26, it has a tendency to re-entrain in the gaseous refrigerant. The second, lower baffle 
60 prevents excessive re-entrainment toward the lower section 30 of liquid refrigerant 
into the gaseous refrigerant. As shown in FIG. 2, the baffle 60 is provided at a 
preselected location on the interior surface of the sidewall 42 above a preselected 
maximum liquid level. Preferably, the baffle 60 is located on the interior sidewall of 
the middle section 40 of the tank 1 10. However, the exact location of the baffle 60 on 
the sidewall 42 is determined based upon a predetermined maximum liquid level, so 
that the lower baffle 60 is preferably never submerged in the liquid refrigerant in the 
tank. 

[0045] As shown in FIGS. 5-7, the lower baffle 60 is preferably provided as a 
substantially flat piece of non-porous material, such as steel or plastic, that protrudes 
substantially perpendicularly from the sidewall 42 into the interior cavity of the tank 
110. Preferably, the lower baffle 60 has a first end 62 that is shaped to permit 
continuous contact with the interior surface of the sidewall 42. For example, the first 
end 62 is preferably radiused to approximately match the radius of the sidewall 42. 
The lower baffle 60 has an opposite second end 64 that protrudes into the interior 
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cavity of the tank 110. Preferably, the baffle 60 is symmetric about a longitudinal 
central axis drawn from the midpoint or center of the first end 62 to the midpoint or 
center of the second end 64. Preferably, the central axis of the lower baffle 60 is 
circumferentially aligned with the refrigerant inlet 26, and is also aligned with the 
refrigerant liquid outlet 38. 

[0046] The first end of the lower baffle 60 must be of sufficient width so as to 
prevent gas from being pulled into the liquid by the force of liquid exiting the liquid 
outlet 38. Preferably, the width of the first end 62, shown as W|, is such that, when 
attached to the interior surface of the sidewall 42, the baffle 60 spans at least about 15 
to about 150 degrees around the interior circumference of the substantially circular 
sidewall 42. More preferably, the width W| of the first end 62 is such that, when 
attached to the interior surface of the sidewall 42, the baffle spans between about 60 
to about 120 degrees around the interior circumference of the substantially circular 
sidewall 42. Most preferably, the width Wi of the first end 62 is such that, when 
attached to the interior surface of the sidewall 42 with the longitudinal axis of the 
baffle 60 aligned with the refrigerant inlet 26 and liquid outlet 38, the baffle spans 
between about 80 to about 100 degrees around the circumference of the interior 
surface of the substantially circular sidewall 42. 

[0047] Similarly, the longitudinal central axis (C-C) of the lower baffle 60 is of 
sufficient length, L, such that the second end 64 protrudes over the liquid outlet 38 to 
prevent re-entrainment of gas or escape of gas through the liquid outlet 38. The 
length L of the baffle 60 along the longitudinal central horizontal central axis (C-C) 
should be at least 20% but less than 100% of the largest horizontal cross-sectional 
inner diameter of the substantially cylindrical section of the sidewall 42 to which the 
first end 62 is secured. More preferably, the length L along longitudinal axis C-C is 
between about 20% to about 50% of the largest horizontal cross-sectional inner 
diameter of the substantially cylindrical section of the sidewall 42 to which the first 
end 62 is secured. Preferably, the second end 64 is provided as a substantially linear 
edge aligned substantially perpendicular to the longitudinal axis C-C of the baffle 60. 
The second end 64 has a width, shown as W 2 in Fig. 7, that is proportional to the 
length L, preferably in the range of between about 0.25:1 to about 4:1. More 
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preferably, the ratio is between about 1:1 to about 3:1. Additionally, the ratio of Wj 
toW 2 is between about 1 : lto about 4: 1 , and is preferably between about 2: 1 and about 
3:1. The first end 62 and second end 64 are joined by side edges 66. Preferably, the 
side edges 66 are substantially linear, and meet the second edge 64 at an angle a. 
More preferably, the angle a is between about 30 to about 50 degrees. 

[0048] The level of the liquid in the lower portion 30 of the tank 1 10 is governed 
by several features. First, as previously described, a liquid outlet 38 is provided in the 
lower shell section 30 for conveying refrigerant liquid from the tank 110 to the 
evaporator. Preferably, as shown in FIGS. 8-9, the liquid outlet 38 is substantially 
cylindrical, and is located at a point in the bottom 20% of the tank as measured using 
the total height, H, of the assembled tank 10. The outlet 38 may include means such 
as valves to permit regulation of the rate and volume of liquid refrigerant conveyed to 
the evaporator from the tank 110. 

[0049] Additionally, the invention provides a level control apparatus 70 that 
regulates the liquid level. Preferably, the level control apparatus 70 maintains a 
substantially constant level of liquid in the tank, thereby preventing gas from entering 
the liquid outlet 38, and ensuring that liquid does not reach the gas outlet 28 to avoid 
damage to the compressor. As shown in FIG. 2, in one embodiment, the level control 
apparatus 70 is comprised of a tube-like structure mounted through the sidewall 42 to 
communicably connect a bottom region of the tank 1 10 beneath the maximum liquid 
level with a region of the tank 1 10 above the maximum liquid level. The level control 
apparatus 70 is a substantially cylindrical tube-like structure having two opposite ends 
72, 74, joined by a central passage 76. Preferably, the inner diameter of the tube-like 
section of the apparatus 70, as well as the diameter of the ends 72, 74 is at least 0.5 
inches in order to prevent thermal isolation of the level column in the apparatus 70, 
and to promote rapid response in the column to a change in the level of liquid 
refrigerant in the tank. Each end has an opening 78 for communicably connecting 
two regions of the interior of the tank 1 10. The apparatus includes a first lower end 
72 for connection to a first liquid level opening 48 provided in the sidewall 42 
beneath the maximum liquid level, and an opposite second upper end 74 for 
connection to a second opening 47 provided in the sidewall 42. The level control 
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apparatus 70 also includes a level detector/sensor (not shown) that can be connected 
to a refrigeration system control, such as a control microprocessor, to communicate 
data concerning the liquid level in the level control apparatus 70, whereupon the 
microprocessor can operate valves in the system or otherwise adjust system operating 
parameters to adjust and control the liquid level in the tank 110. 

[0050] The fully assembled economizer flash tank of the present invention 
operates as follows. First, liquid refrigerant collected in the condenser 106 is passed 
through a liquid line to the refrigerant inlet 26 of the flash tank 1 10. Upon exiting the 
inlet 26, the liquid refrigerant is throttled or expanded within the flash tank 1 10 to a 
desired temperature and pressure. Upon entering the flash tank 110 through the inlet 
26, the expanded refrigerant is immediately directed against the cylindrical baffle 50, 
resulting in turbulent flow that lowers the temperature and pressure of the refrigerant. 
The turbulent refrigerant flow falls towards the bottom portion 30 of the tank 110. As 
the refrigerant falls, the gaseous refrigerant is separated from the liquid refrigerant by 
the forces of gravity, and also by the force of turbulence created by the cylindrical 
baffle 50. The liquid refrigerant is collected in the bottom portion 30 of the tank 1 10, 
while the gas or vapor phase is collected in the domed shaped upper section 20 of the 
tank 110. The gas collected in the upper portion 20 is then passed through the gas 
outlet 28 and back to the compressor by means of a return line. Prior to being injected 
into the compressor 102, the gas may optionally be passed through the compressor 
motor 104 to provide additional cooling to the motor 104. Preferably, the gas is 
injected into the compression chamber downstream from the compressor inlet at a 
point where the pressure in the chamber is about equal to the intermediate pressure 
maintained inside the economizer tank 1 10. 

[0051] The liquid refrigerant in the tank 1 10 falls onto the lower baffle 60 located 
above the liquid level, and then trickles into the liquid level. The lower baffle 60 thus 
prevents direct contact and mixing between the liquid level and the falling liquid 
refrigerant, thereby minimizing entrainment of gaseous refrigerant into the liquid 
level. Liquid refrigerant collected in the liquid level is pulled through the liquid outlet 
38 where it undergoes a second expansion, such as by an expansion valve before 
entering the evaporator 108, which expansion reduces the pressure and temperature of 
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the liquid phase down to that of the evaporator 108. The flow of liquid through the 
outlet 38 can be controlled by valve means such as valves that vary the size of the 
opening of the outlet 38 and thus meter the flow of refrigerant into main flow line 107 
leading to the evaporator 108. 

[0052] Capacity added by the economizer circuit can be controlled by modulating 
the refrigerant inlet 26, the liquid outlet 38, and the gas outlet 28. Additionally, the 
level of liquid in the tank 110 can be adjusted by sensing using the level control 
apparatus 70 and processing the sensed data to instruct a control to open and close 
valves at the gas inlet 26 and refrigerant outlets 38, 28 to maintain a relatively 
constant liquid level in the flash tank. 

[0053] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements thereof without departing 
from the scope of the invention. In addition, many modifications may be made to 
adapt a particular situation or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as the best mode contemplated 
for carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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